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Introduction: Corrosion at the head–neck interface of modular components in total hip
arthroplasty (THA) has been reported as a cause of failure of modern total hip replacement
implants. While this method of failure has been well described, it remains poorly understood.
The purpose of this study is to review the three most commonly used uncemented femoral
stems at our institution over the last fifteen years and to correlate any established risk factors
with rates of revision, particularly corrosion.
Methods: We reviewed 2095 patients from March 2000 to September 2015 who underwent
total hip arthroplasty with one of three uncemented femoral stem designs. All stems were
made of a Ti6Al4V alloy with a 12/14 taper design. We included only those stems coupled
with a CoCr head and a highly crosslinked polyethylene liner. We evaluated age, gender,
body mass index (BMI), femoral head size, head length, neck angle and offset and correlated
these to the incidence of all cause revision, as well as revision excluding infection.
Results: There were no recognized corrosion-related revisions identified. There was no
association between age, BMI, gender, head length, neck angle and offset to all cause
revision or revision with infection excluded (p>0.05). Femoral head size less than 32mm
was associated with higher all cause revision rates (OR 4.60 (95% CI 1.8, 11.8)) and when
excluding infection as a reason for revision (OR 4.94 (95% CI 1.7, 14.41)).
Conclusion: Over the last fifteen years, we have not identified any cases of corrosion with
the three most commonly used femoral stems used at out institution. While we acknowledge
that no femoral stem is immune to corrosion, certain femoral stem designs may be uniquely
resistant to this mode of failure.
Level of Evidence: III.
Keywords: corrosion, revision, total hip arthroplasty, femoral stems
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Total hip arthroplasty is a highly successful orthopedic procedure with long-term
success largely dictated by implant longevity.1 Implant longevity is based on many
factors including surgical technique, implant material, and implant design. The use
of a modular head neck junction was designed to enhance accuracy in restoring
limb length and offset. However, this modularity has come at the expense of
potential corrosion of these interfaces.1 A 2015 systematic review suggests that
clinically significant corrosion can occur in the intermediate follow-up period and
presents with unexplained pain and loosening.2 In some instances, this has resulted
in early catastrophic trunnion dissociation and failure.3–5
Corrosion at the femoral head-neck junction has been shown to be related to
multiple design and patient factors including trunnion diameter, femoral stem
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offset, head size, head length, trunnion taper angular mis
match, stem material, femoral head material, BMI, gender
and activity level.1,2,6-9 There have been reported trends of
increased usage of larger diameter femoral heads which
have been shown to improve the head neck ratio and
overall stability of a total hip arthroplasty, but these have
also been linked to greater trunnion corrosion.9–14 There
have also been reported trends of increased usage of cera
mic heads, which may be less susceptible to trunnion
corrosion, but more expensive in some health-care
environments.9,12,15-17
Several femoral stem designs have been implicated to
have a particularly high prevalence of corrosion.18–20 Over
the last fifteen years at our institution, about three quarters
of our cementless total hip replacements have employed
one of three femoral stem designs. The purpose of this
study was to review these three most commonly used
femoral stems matched with cobalt-chrome femoral
heads to correlate any established risk factors with rates
of revision, particularly corrosion.

Patient Population and Methods
Study Population
Patient consent was waived by the Western University and
London Health Sciences Center ethics boards due to the
retrospective nature of the study. All patient data were
maintained in confidentiality and the research complied
with the Declaration of Helsinki and the Tri-council
Policy of Canada. All arthroplasty operations performed
at our institution are captured in our institutional database.
Patients are routinely followed at 6 weeks, 3 months,
1 year, and then every 2 years. Any revisions done at
outside institutions would be rare, but would be captured
in our routine patient follow-ups. Metal ion levels and
advanced imaging are ordered in symptomatic patients,
and this has been part of our institutional work up since
the beginning of the study period.21
From our institutional database, we identified all
patients over a 15-year period (March 2000 to
September 2015) that underwent total hip arthroplasty
with one of three femoral stems paired with cobaltchrome femoral heads. These stems were selected for
review because they comprised about three quarters of
the cementless femoral stems we have used over the last
15 years. The stems included the Summit® (Depuy,
Warsaw, Indiana), Synergy® (Smith and Nephew,
Memphis, Tennessee) and Corail® (Depuy, Johnson and
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Johnson, Warsaw, Indiana) femoral components. All of the
stems are made of titanium (Ti6Al4V alloy) with a 12/14
taper design. We included only metal (cobalt chromium)
on highly cross-linked polyethylene articulations. We
excluded any ceramic femoral heads, metal bearing sur
faces, cemented stems, and patients with less than three
years of clinical follow-up.

Statistical Analysis
We evaluated age, gender, body mass index (BMI),
femoral head size, femoral head length, neck angle and
offset as potential risk factors for all cause revision and
revision excluding infection by univariate analysis. Neck
angle and offset for each stem were obtained from manu
facturer guides, with offset increasing with increasing stem
size as well as stem type (standard or high offset). Neck
angle was recorded in degrees and offset was recorded in
millimeters. The Synergy® stem can be coupled with
femoral head lengths of −3mm, 0 mm, +4 mm, +8 mm,
+12 mm and +16 mm while Summit® and Corail® stems
can be used with femoral head lengths of −2 mm,
+1.5 mm, +5 mm, +8.5 mm, +12 mm and +15.5 mm.
The minus head length is only available when using
a 36 mm femoral head size. We categorized femoral
head size as greater than or equal to 32 mm or less than
32 mm.
We performed a logistic regression analysis with odds
ratios for each parameter for both all cause revision as well
as with infection excluded. We used a p value of <0.05 as
significant.

Results
A total of 2095 patients were included in this study. There
were 1094 Synergy® stems, 208 Corail® stems and 793
Summit® femoral stems included (Table 1). There were
461 patients (22%) with 28 mm diameter femoral heads,
1286 patients (61%) with 32 mm diameter femoral heads
and 344 patients (16%) with 36 mm diameter femoral
Table 1 Baseline Patient Characteristics
Corail

Synergy

Summit

(n=208)

(n=1094)

(n=793)

Mean age at surgery (SD)

67.29 (11.41)

67.68 (10.77)

69.61 (10)

M/F (%)

30.28/69.72

43.88/56.12

39.85/60.15

Mean BMI (SD)

28.78 (6.29)

30.00 (6.37)

29.75 (6.84)

Mean Survival Time

3.7

10.13

7.71

(range in yrs)

(3–4.87)

(3.03–17.45)

(3.06–12.38)
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Table 2 Revision Characteristics

Number of
revisions

Overall

Corail

Synergy

Summit

18
(0.86%)

0 (0%)

15 (1.37%)

3 (0.38%)

Periprosthetic
fracture (2)

Infection (2)
Periprosthetic

Aseptic

fracture (1)
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Reasons

loosening (3)
Instability (6)
Infection (2)
Malposition
(1)
Poly wear (1)

heads. Four patients had femoral head sizes less than
28 mm or greater than 36 mm (1%). The mean follow-up
time was 8.58 years (3–17.45). We did not identify any
cases of corrosion requiring revision total hip arthroplasty
identified across the three implants (Table 2).
Univariate logistic regression analysis demonstrated
that head size was associated with increased risk of both
all cause revision and revision excluding infection. Age,
BMI, Gender, offset and neck angle did not have signifi
cant association to all cause revision or to revisions
excluding infection (p>0.05). Multivariate logistic regres
sion controlling for age and BMI demonstrated that
a femoral head size less than 32mm was associated with
increased likelihood of all cause revision (OR 4.60 (95%
CI 1.8, 11.8)) and revision excluding infection (OR 4.94
(95% CI 1.7, 14.41)).

Discussion
Cooper et al (2012) were the first authors to describe corro
sion at the head-neck taper occurring in patients with
a contemporary metal-on-polyethylene bearing.22 However,
these authors acknowledged that this occurred relatively
rarely, accounting for only 1.8% of hip revisions performed
at their institution. McGrory et al (2015) described
a prevalence of 1.1% at an average time of presentation of
3.7 years with a contemporary non-cemented femoral hip
component.19 His group subsequently reported an incidence
of symptomatic corrosion in 43 of 1352 (3.2%) consecutive
patients using a noncemented M/L taper® (Zimmer, Warsaw,
IN) stem.20 These authors suggested the use of non-cobaltchrome femoral heads until this high failure rate from corro
sion was better understood. Since that time, there has been
a dramatic rise in the use of ceramic on polyethylene bearings
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in the United States, with ceramic on polyethylene bearings
now surpassing metal on polyethylene bearings as the most
popular bearing surface.17
Similarly, Lash et al showed a 3% revision rate due to
taper problems and secondary pseudotumour formation
between 2006 and 2013.23 All ten reported cases occurred
with the Accolade® (Stryker, Mahwah, New Jersey) or M/
L® taper stems (Zimmer Inc. Warsaw, IN). Ko et al (2016)
also reported catastrophic femoral head-stem trunnion dis
sociation secondary to corrosion with the Accolade®
stem.3 We reported a similar cases series of catastrophic
femoral head trunnion dissociation in cases referred to our
institution with the same stem design.5 It has been postu
lated that this failure mode is due to mechanically assisted
crevice corrosion (MACC).24,25 This may be related to the
composition of the stem, which is a beta titanium alloy
with a lower modulus of elasticity compared to standard
titanium alloy.7 This material property results in bending
of the trunnion with physiologic load5 and changing of the
geometry of the taper causing significant micromotion,
wear and eventual fracture.3,5
A substantial amount of research has been done in the
area of trunnion corrosion, attempting to better understand
its incidence and causative factors.1,9 Multiple risk factors
for tribocorrosion have been identified including biome
chanical factors such as increased femoral head length and
femoral head size.7,11,26 The purpose of the present study
was to review our 15 year experience with three femoral
stems (combined with CoCr femoral heads) to identify
whether we observed a similar incidence of corrosion
leading to revision with a metal on polyethylene bearing
as other authors have reported and to correlate any estab
lished risk factors with these rates of revision.
In the present study, we were unable to find a single case
of trunnion corrosion requiring revision hip arthroplasty. We
did find that smaller femoral head sizes (under 32mm) were
associated with a greater likelihood of revision total hip
arthroplasty excluding infection. Although there is some
evidence that increased femoral head diameter may be
a risk factor for corrosion, we were unable to identify any
cases of corrosion requiring revision with larger femoral
heads.26–28 The relation between tribocorrosion and adverse
soft tissue reactions is not fully clear. Fillingham et al (2017)
and Kwon et al (2011) have both shown that elevated serum
Co levels have been shown to correlate with symptomatic
and asymptomatic ALTR.29,30 In a random collection of 94
retrieved large diameter metal on polyethylene hips Hothi
et al (2017) demonstrated corrosion without evidence of
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ALTR.27 Although 55% of hips had evidence of corrosion,
there were no cases of adverse local tissue reactions and none
were a cause for revision. The degree of corrosion leading to
a symptomatic levels of Co remains unknown. Multiple
studies suggest that factors such as trunnion geometry and
flexural rigidity may be more influential in terms of incidence
of corrosion.5,24,28,31 In a study of 92 retrieved femoral heads
from primary metal on polyethylene total hips, larger femoral
heads were actually correlated to less severe fretting and
corrosion as compared to 28 mm femoral heads.28
The major strength of the current study is that it is a large
patient cohort comparing three commonly used femoral stems
over a 15-year period. We found that taper corrosion resulting
in an adverse local tissue reaction and requiring revision
surgery did not occur with the three most commonly used
uncemented femoral stems at our institution. The obvious
limitation to this study relates to the lack of corrosion cases
identified. We presume that this is because of the strong taper
design of these three stems. We do acknowledge that it is
possible that we failed to identify patients with low levels of
corrosion who remained largely asymptomatic. Another lim
itation is that we did not measure hip offset radiographically,
but rather this was calculated based on the manufacturer’s
dimensions of the individual prostheses. We recognize that
other factors, namely the medialization of the acetabular com
ponent, can affect offset independent of the individual stem
dimensions. We do follow all of our total hip arthroplasty
patients every two to three years at our institution, and we
routinely work-up any symptomatic patients up with serum
metal ion levels and/or three-dimensional imaging. It was
beyond the scope of this study, however, to report on the
metal levels or advanced imaging on all patients in this cohort,
although this may form the basis of future work in this area.
In some studies, ceramic heads have been reported to
be less susceptible to trunnion corrosion, which has
prompted some surgeons to routinely use ceramic heads
in clinical practice to reduce the risk of trunnionosis.9,14,32
However, other studies have shown no difference in allcause revision between ceramic and metal (CoCr) heads
when used in combination with a highly cross-linked
liner.33 While theoretical models comparing cost of metal
toxicity work-up in the US health care system may justify
a switch to ceramic heads, this has remained theoretical.34
Because there can be a significant cost differential with
ceramic (compared to metal) heads, a wholesale switch to
ceramic femoral heads to decrease the risk of corrosion
may not be justified as this may result in an economic
burden to socialized health-care systems.
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Conclusion
In summary, over the last fifteen years, we have not identified
any cases of corrosion with the three most commonly used
femoral stems used at out institution. While we acknowledge
that no femoral stem is immune to corrosion, we postulate that
certain femoral stem designs are uniquely resistant (or suscep
tible) to this mode of failure. Furthermore, the universal use of
ceramic heads on every femoral stem design to decrease the
risk of corrosion may not be completely justified, particularly
when these bearing surfaces come at an increased cost.
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